I. Introduction
One of the continuing puzzles in nuclear astrophysics is the origin of the naturally-occurring In=g-isomer 180 Tam, which appears as 0.012% of natural Ta 1 . Even this small abundance can not be explained with the conventional s-(slow) and r-(rapid) neutron-capture processes. The presence of the stable t76-l80Hf isotopes allows the standards-process flow to bypass 180 Tam. The p decays following r-process neutron-captures would terminate at the first stable A= 180 product, 180 Hf. Recently, however, it has been suggested that 180 Tam may be synthesized via small p-decay branches off the main s-and r-process Two groups have undertaken experiments to look for this feeding with conflicting results. In the first experiment, Kellogg and Norman 5 activated Hf metal samples with fast neutrons, producing 180 Lu and 180 Hfm via the Cn,p) and (n,n') reactions, respectively. We can be guided in our expectations of the production of both low spin and high spin levels in 180 Lu by analogous work performed on 178 Lu 15 .
Using the 178 Hf(n,p) reaction, it was found that the In= 9-178 Lum and the In= 1+ t78Lu9 were produced with roughly equal cross sections.
Furthermore, from the work of Kellogg and Norman 5 , it is known that 8-15
MeV neutrons can bring in enough angular momentum to strongly excite the I1l: s-180 Hfm via the <n,n') reaction.
II. Experiment
Two separate experiments were performed to investigate the • r t sample was quickly carried to a remote counting area where it was counted for up to 2500 seconds beginning about 90 seconds after the activation. Gamma-ray decays were observed using a shielded 110 cm 3 high-purity Ge detector. The energy and arrival time of each event was collected in event mode format. The time spectrum was divided into 512 time bins of 5 seconds each and the energy signals were digitized in 40G6 channels with 0.5 keV/channel. In the first experiment, which was sensitive to longer time periods, we used a pulser at a known rate to correct for the deadtime of the data collection system. Examination of the data obtained in this experiment indicated that the yield of 180 Lu, relative to that of other activities, was maximized at a deuteron energy of 40 MeV.
In the second experiment, we used similar targets, but used a single deuteron energy of 40 MeV which produces a neutron energy spectrum with a peak at .... 17 MeV. 16 A technique was developed to look for shorter .
isomeric lifetimes using an automated transfer system (rabbit) which -ray lines between these energies were identified and no new transitions could be assigned to 180 Lum. We were able to assess our sensitivity to this mode of identifcation of lines as a function of y-ray energy by observing known 180 Lu9 transitions that possess well measured branching ratios at several energies in our spectra.
Our sensitivity to new y -ray transitions 1s obviously a function of both the assumed half-life of 180 Lum and of they-ray energies. Assuming 7 that the energ1es or any 180 Lum decay v rays do not co1nc1de w1th those produced by the decays of other nuclei identified in our samples, our sensitivities can be compared to the intensity of the 408-keV v ray that is produced in 50% of the 180 Lu9 decays. The results of our searches for new v rays in both experiments are summarized in Fig. 3 .
The second method we employed consisted of examining the time history of particular transitions in 180 Hf, such as the 408-keV v ray resulting from the decay of the 1608-keV level to the 1200-keV level.
The~ decay of 180 Lu9 has a 91% branching ratio to populate this state. If 180 Lum decayed electromagnetically to 180 Lu, the subsequent production of 
where A. 9 (A.m) is the decay rate for 180 Lu9 < 180 Lum) and N 9 (Nm) is -the initial population of the ground state (isomer). The counting period is given by t-.6. to t+.6., where 2.6. is the bin width.
To enhance our statistics, we summed several y rays produced in the decay of the 1608-keV level, specifically the 408, 1106, 1200 and the 1299-keV y rays. We fit the background subtracted and livetime corrected spectra with this functional form, varying t 112 of the isomer between 1 0 8 and 300 seconds and obtained the populations of the hypothetical isomer and ground state levels that minimize X/'· The time spectra of they rays for both runs are shown in Fig. 4 . Based upon analysis of these data we deduce a 1-o upper limit on the relative 180 11 This was interpreted as the p decay of a low-spin isomer directly to the ground state of 180 Hf, but it has not been confirmed.
If the spin of this isomer were 1 +, then it might also decay to the In=2+ level at 93.3 keV in 180 Hf. We have sought evidence of this isomer by examining the decay curves of the 93-keV y rays observed in our experiment. We have analyzed the time structure of the 93-keV y rays in terms of a three component sum: a 5.7-minute component from the decay of the ground state of 180 Lu, a 5.5-hour component from the decay of 180 Hfm, and a 2.5-minute component from the decay of the proposed low-spin isomer 1n 180 Lu. We find no evidence for an isomeric level in 180 Lu that decays to the 93.3-keV state 1n 180 Hf, and can place an upper I i mit of 1 0% on the product of production cross section and decay branching ratio for such an isomer relative to that of the ground-state of
It is possible that 180 Lum wlll not decay to either known or unknown levels in 180 Hf above 1150-keV, but does decay directly to 180 Hfm. This isomer decays to 180 Hf9 by a series of y rays and can be monitored by observing the 443-keV y ray. We examined our data for ingrowth of the population of 180 Hfm by analyzing background and I ivetime corrected 443-keV y ray time spectra using the functional form of Equation 1. The limited statistics of this yray seriously limit our ability to estimate the 180 Lum population. If this were the only 180 Lum decay mode, our data permit us to only rule out equal 1 e 0 Lum and 180 Lu9 production cross sections.
IV. Discussion
In conclusion, we have produc~d 180 Lu via the 180 Hf(n,p) reaction using a wide range of neutron energies and analyzed the resulting y -ray energy and time spectra for evidence of the existence of isomeric levels in 180 Lu.
As discussed in the preceeding paper, a high-spin isomer might be expected to electromagnetically decay to 180 Lu9 as well asp decay to 180 Hfm. Signatures of both of these decay modes were sought using several different types of data analysis. We have failed to observe any evidence of long-1 ived states in 180 Lu. This argues strongly against an isomer in 
